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MAINTAINING FERTILITY IN THE WISCONSIN 
DRIFT SOIL AREA IN IOWA
By W . H. Stevenson, P. E. Brown and L. W . Forman
Ten years of experiments at Ames on the principal Iowa 
type of the Wisconsin drift soil pQint clearly to the fact that the 
farming systems of this large soil area must be modified if the 
land is to be kept permanently fertile.
These modified systems of farming, as the results of the 
Ames test show, must be based on a definite rotation of crops, in­
cluding some legume which is turned under as a green manure 
or fed to livestock on the farm. It must make provision for the 
careful saving of all manure produced on the farm and its most 
effective use, for it is the cheapest and best fertilizer. With 
grain farming, the need of a legume in the rotation to be turned 
under is especially urgent to keep up the soil’s nitrogen con­
tent. Some time in the future .the use of phosphorus and potas­
sium fertilizers must be considered, though at present they do not 
seem necessary on the particular soils tested. Drainage is all im­
portant and is a first requisite to satisfactory yields on the Wis­
consin drift area. Thorough cultivation is likewise essential and 
there is need of testing for acidity and the application of lime 
where the soils are sour.
The Wisconsin drift area is no different from other Iowa 
soil areas in its need of better farming methods. While none of 
the farm lands is infertile, they are approaching this condition 
much more rapidly than is generally supposed. Recent tests* of 
hundreds of soil samples from the principal Iowa soil areas show 
that present farming methods are causing a large net loss of soil 
fertility every year. I f this continues, the satisfactory produc­
tion of crops will sooner or later be prevented by the lack of 
some one or more of the essential plant food éléments. To meet 
this situation and to determine for each soil area what farming 
methods will best conserve fertility is one of Iowa’s most import­
ant problems. The Iowa Agricultural Experiment station has 
dealt thoroughly with the question of the Wisconsin drift area 
because its experiment farm at Ames is located in this area. 
Similar experiments are now nuder way on several other import­
ant soil types, but the number of these tests is limited by the ap­
propriations available for such work, and hence the progress to­
ward finding the requirements of all areas of the state is neces­
sarily slow. The ten years’ work on the most common type of 
soil in the Wisconsin drift area at Ames, however, represents a 
contribution toward the solution of the state-wide problem.
*BulI. Iowa Agr. Expt. Sta. 150.
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THE SOIL TYPE OF TH E EXPERIMENT
The soil on which the experiments reported in this bulletin 
were carried on is classed as Carrington loam and represents the 
most extensive soil type in the Wisconsin drift area*. The defi­
nite purpose of the experiments was to determine the needs ot 
this particular type as to plant food and to learn the influence 
of a good type of rotation, and the uses of phosphorus, potassium, 
manure and catch crops.
This soil area is found in the north central part of the state 
and covers in whole or in part the counties of Lyon, Osceola, 
Dickinson, Emmet, Kossuth, Winnebago, O ’Brien, Clay, Palo 
Alto, Hancock, Buena Vista, Pocahontas, Humboldt, Wright, 
Sac, Calhoun, Webster, Hamilton, Carroll, Greene, Boone, Story, 
Marshall, Guthrie, Dallas, Polk, Hardin and Jasper. It is of 
glacial origin and consists of the mass of material finally left be­
hind when the ice disappeared. It is somewhat variable in char­
acter, therefore, and is characterized by its many large boulders, 
or ‘ 1 nigger-heads. ’ ’ The main soil types in the area are loams, 
sandy loams and clay loams, dark brown to black in color and 
rather rich in plant food.
The Carrington loam is a dark brown to black mellow loam, 
containing a high percentage of organic matter. The content of 
silt, fine sand and sand is sufficiently high to make the soil 
crumbly and quite free from any tendency to become sticky, even 
when wet. It covers by far the largest part of the Wisconsin 
drift soil area. When the soil survey of all the counties mentioned 
above has been completed, the total acreage of the Carrington 
loam will be known, but at present it can only be estimated. 
Future soil surveys will also show its exact location and then the 
application of the recommendations made here may be even more 
specific than is possible at present.
Analyses** of soil samples carefully taken from the Wiscon­
sin drift area show the results summarized in table I.
TABLE I __THE PLANT FOOD CONTENT OF WISCONSIN DRIFT
SOILS.
(Pounds per acre of two million pounds of surface soil, ' per four million 
pounds of subsurface soil, and per six million pounds of subsoil. )
Stratum Depth
(inches)
Organic
Carbon
pounds
Total
Nitrogen
pounds
Phos­
phorus.
pounds
Potas­
sium
pounds
20 -40 54,825 4255 3253 77,500
0 - 61 69,730 5458 i395 28,742
Subsurface ............ 61-20 98,765 8011 2217 55,800
♦Bull. Iowa Agr. Expt. Sta. 82. 
♦♦Bull. Iowa Agr. Expt. Sta. 150.
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This soil contains a considerable amount of organic carbon, 
which indicates an abundance of humus. The nitrogen content 
is not large and hence the application of manure and of legum­
inous green manures might be expected to be of value. These 
materials would be of value particularly if the organic material 
already present were not undergoing a rapid decomposition.
The phosphorus content ofT the soils in this area is low, as it 
is in all the soils of the state, and hence its reduction to an 
amount too small for profitable crops must be avoided. All sys­
tems of permanent agriculture in the state must center around 
this element*. The value of phosphorus fertilizers at the present 
time should be determined, as the total amount of phosphorus 
present, shown by the above analyses, does not indicate with any 
degree of certainty that enough is being made available in the 
soil for satisfactory crop growth. I f  the production of available 
phosphates in the soil is too slow, crops will be benefited by ap­
plying phosphorus fertilizers.
The potassium in the soil also seems abundant, but again the 
total content as given in the table does not indicate the amount 
that is made available for crops, and if the insoluble potassium 
present is not being changed to soluble form rapidly enough, 
small applications of potassium-containing fertilizers would be 
of value.
The use of manure and green manures, while increasing the 
nitrogen content of the soil, may be of value also for increasing 
the decomposition processes. Hence, if the production of avail­
able phosphorus or potassium in a soil is too slow for the best 
crops, the use of manure may be of great importance in increas­
ing the supply of these elements.
It is apparent, therefore, that fertility tests of the soil of 
this area should include the use of manure, green manure, phos­
phorus and potassium fertilizers alone, and of combinations of 
these materials in order to ascertain the needs of the soil.
THE PLAN OF THE EXPERIMENT.
The experiment field, as is shown in fig. 1, includes 
five series of plots. Series A  and C each consist of 12 plots one- 
tenth of an acre in size; series B and D each contain 11 plots of 
the same size, and series E has 12 plots, each containing three- 
twentieths of an acre.
The one-tenth acre plots are all 2 rods wide and 8 rods long; 
they are separated by a division strip, 6y2 ft. wide. The three- 
twentieths acre plots are 2 rods wide by 12 rods long, likewise 
separated by a 6y2 ft. strip. A  cropped border %y2 ft. wide ex­
tends around each series of plots.
*Bull. Iowa Agr. Expt. Sta. 150.
5
Stevenson et al.: Maintaining fertility in the Wisconsin drift soil area of Iowa
Published by Iowa State University Digital Repository, 1914
Ma nu''G
Phosphorus
Potassium Potossu/hs
Legume 
Phosphorus 
Po£erss/um
D
¿.eg u me
Phosphorus
Potassium
P
20S £ epfy/rrc
¿¡Parure, 
pftosphoru.
Fig. 1— Plat of the Experiments.
6
Bulletin, Vol. 14 [1914], No. 161, Art. 1
http://lib.dr.iastate.edu/bulletin/vol14/iss161/1
239
The land slopes gradually to the east and has fairly good 
surface drainage. Tile drains are located at irregular intervals 
over the entire area. The topography and natural fertility of 
the soil is such as to give some advantage in crop production to 
the plots at the east end of the field. This is true in particular 
of series A, C and E.
Series A, B, C and D are used for a four-year rotation as 
follows :
First year— Corn.
Second year— Corn.
Third year— Oats.
Fourth year— Clover.
There are provided, According to this plan, as many dupli­
cate sections of plots as there are crops in the rotation, and it is 
possible, therefore, to grow each crop each season. Thus two of 
the series mentioned above are in corn each year, one series is in 
oats, and one is in clover.
Each series of plots receives the following soil treatment :
1—  Check.
2—  Legume.
3—  Manure.
4—  Manure and Legume.
5—  Manure, Legume and Phosphorus.
6—  Legume and Phosphorus.
7—  Manure and Phosphorus.
8—  Legume, Phosphorus and Potassium.
9 Manure, Phosphorus and Potassium.
10—  Phosphorus and Potassium.
11—  Phosphorus.
*12— 'Check.
Thus is provided, under a regular four-year rotation, a series 
of tests of the effect of a legume catch crop, of manure, of addi­
tions of phosphorus alone, and of various combinations of these 
treatments with each other and with potassium, upon crop pro­
duction on the particular soil type.
Seiies E comprised 12 plots on which corn was grown con- 
tmuously. Each plot received the same fertilizer treatment 
which was applied to the plots of the corresponding number in 
the other series. This gave each year a comparison between the 
crop yields of soil continuously in corn and the average yields 
on two series of rotation plots. It furnished, also, the value of 
the various treatments on the yields from continuous corn and 
from the four year rotation. Each crop included in the rota­
tion being grown on at least one series of plots each year permits 
of the omission of consideration of weather conditions, at least 
when studying the results secured through a comparatively Ion«* 
period of years. J
*For series A, C and D only.
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THE PLOT TREATMENTS
All the plots were laid out in 1904 and treated that year and 
in 1905. The first crop yields considered were those of 1906. 
The yields for the two four-year periods, 1906 to 1909 and 1910 
to 1913, and also for the entire eight year period, furnish the 
basis for the discussion of results.
The various treatments were as follows:
Legume Catch Crop: Cowpeas were sown in the corn at the last 
cultivation, about one bushel per acre. In some seasons the cowpeas 
were plowed under in the fall and in others disced down in the spring. 
The latter plan was used when the oats followed the corn.
Manure: Eight tons per acre applied once in every four-year period 
to the clover sod in the fall just before plowing. This is equivalent to 
two tons per year and represents about the amount which would be 
available if the. crops raised on the land were fed and the manure pro­
duced was returned to the soil.
Phosphorus: Applied in the form of steamed bone meal, 800 lbs. 
per acre, and put on the clover sod once in the four-year period and 
plowed under.
Potassium: Applied as muriate of potash (potassium chloride) 
or as potassium sulfate, 400 lbs. per acre and put on the clover sod 
once in the four-year period and plowed under.
In the plots under continuous corn the same fertilizing con­
stituents were employed, but they were applied annually in the 
spring in proportionate amounts and the land was plowed in 
the spring.
AS far as possible, the work of planting, cultivating and har­
vesting was done by machinery, as such a method corresponds 
most nearly to that on the farms of the state and is in general 
more satisfactory than hand work. Those in charge of the ex­
periments made special effort in each operation to treat all the 
plots in a series as uniformly as possible in order that any vari­
ations in yield might not be due to differences in cultivation, 
seeding or harvesting.
In this experiment the general plan was to remove all of 
the regular crops grown on the land, except the corn stalks. The 
records show that these have been plowed under about one-half 
of the time. In other seasons, the stalks were removed chiefly 
because the growth was very heavy and it was believed that they 
might interfere with the tillage operations or that they might 
bring about unfavorable moisture conditions in the soil. Such 
difficulties may, of course, be overcome to a great extent if the 
corn stalks can be pastured. Two cuttings of clover were re­
moved, except in very dry years, when the second crop was prac­
tically a failure and was plowed under.
In every case the yields on the plots were secured with great 
care, after the crops on the borders and division strips had been 
harvested.
8
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BASIS OF CALCULATIONS
To learn the effects of the various fertilizer treatments on 
the crops in the regular rotation, the weight and value of each 
of the crops grown during the two separate four year periods 
were determined and calculation also made for the eight year 
period. In making these calculations, the corn was figured at 45 
cents per bushel, the oats at 35 cents and the clover at $8.00 per 
ton. The cost of fertilizer materials was as follows: bone meal, 
$30.00 per ton ; muriate of potash, $50.00 per ton ; cowpeas, $2.50 
per bushel ; manure, $0.40 per ton. This figure for the manure 
was based on the expense of hauling only, calculating the cost of 
a man and team at $4.00 per day. The actual value of the ma­
nure is, of course, very much larger, but inasmuch as manure is 
produced on all livestock farms and constitutes a waste product 
if it is not applied to the soil, it seems fair to consider only the 
expense of hauling and spreading.
The total cost of the treatment per plot was charged to the 
crops grown and hence the value of the increases was quite ac­
curately determined. The farm produce prices represent an 
eight year average as secured from the annual report of the crop 
statistician, in the Iowa Yearbook for the years 1906-1913, the 
values being based on the quotations of December 1.
The crop yields secured on the plots under the four year ro­
tation are discussed in the pages following from the standpoint of 
the individual crops included in the rotation, namely, corn, oats 
and clover. - y /A A
In most oases the plots on which cowpeas were grown as a 
catch crop gave practically no increase at all or a depression in 
the yields. The latter result was undoubtedly due in the case 
of the corn crop to the action of the cowpeas in removing from 
the soil considerable quantities of available plant food and moist­
ure. It is worthy of note, also, in this connection, that the c g w - 
peas were cut down each season by the first frost in the ffall and 
the leaves and a'considerable portion of the stems were blown 
away, leaving comparatively little organic matter to ‘be added to 
the soil. Average increases, therefore, were not calculated for 
the cowpeas.
THE EXPERIMENTS WITH CORN.
The use of manure alone gave the largest net realms with 
corn in both four-year periods, -and hence in the 4fiitirfe‘ eight 
years. This is shown in tables II, III and IV  and in fig. 2.
This was due to two facts; first, with only a few exceptions,
m^nure^&ne-^gave-the, largest-c.orn_yields, _and_secoiid,_ ihe_.ciist _
of the manure treatment w*$ so much smaller than -.that of -the 
other fertilizing constituents^ In qnei ty ^ jin | ta h (^ ^ i^ ^ ih e
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second period, somewhat larger yields were given by other treat­
ments, but the differences were not sufficient to offset the larger 
cost of the applications, and the net returns from these treat-
TABLE II— CORN YIELDS— FOUR-YEAR PERIOD— 1906-1909.
P
lo
t
Soil Treatment
Av. Yield 
in Bu. 
per acre
Inc. or 
Dec. in 
Bu. per 
acre
Value of 
Increase 
per acre
Cost of 
Treat­
ment 
per acre
Net re­
turns 
per acre
1 59.6
2 Cowpeas .......... 62.0 2.4 $1.08 $1.25 $-.17
3 Manure ............ 76.6 17.0 7.65 .80 b.85
4 Manure ,cow- 2.05 2.9970.8 11.2 5.04
5 Manure, cow-
peas, phos­
phorus . . . . . . 76.1 16.5 7.43 5.05 2.38
6 Cowpeas, phos- 2.79 4.25 -1.46phorus . . . . . . 65.8 6.2
7 Manure, phos- 7.20 3.80 3.40phorus .......... 75.6 16.0
8 Cowpeas, phos-
phorus, pot-
6.53 6.75 -.2274.1 14.5
9 Manure, phos-
phorus, pot-
74.2 14.6 6.57 6.30 .27
10 Phosphorus, 4.81 5.50 -.69potassium .. 70.3 10.7
11 , Phosphorus . . . 62.6 3.0 1.35 3.00 -1.65
Average gain for manure..............10.6 Bu.
Average gain for phosphorus... 2.8 Bu. 
Average gain for potassium........  4.8 Bu.
TABLE III— CORN YIELDS— FOUR-YEAR PERIOD— 1910-1913.
4-> Av. Yield Inc. or Value of
Cost of Net re-
Soil Treatment in Bu. Bu. per Increase ment turnsili per acre acre per acre per acre per acre
1 60.9
2 Cowpeas .......... 58.2 -2.7 $-1.22 $1.25 $-2.473 68.1 7.2 3.24 .80 2.44
4 Manure Cow- 2.25 2.05 .2065.9 5.0
5 Manure, cow-
peas, phos­
phorus .......... 70.1 9.2 4.14 ■ 5.05 -.91
6 Cowpeas, phos­
phorus .......... 64.1 3.2 1.44 4.25 -2.81-
7 Manure, phos- 7.6 3.42 3.80 -.38phorus .......... 68.5
8 Cowpeas, phos-
phorus, pot­
assium .......... 70.0 9.1 4.09 6,75 -2.66
9 Manure, phos-
phorus, pot­
assium . . . . . . 71.2 10.3 4.64 6.30 -1.66
10
11
Phosphorus, 
potassium ..  
! Phosphorus . . .
69.6
55.7
8.7
-5.2
3.92
-2.34
5.50
3.00
-1.58
-5.34
Average gain for manure........ . . . . 7.1 Bu.
Average gain for phosphorus........ 1.3 Bu.
Average gain for potassium ..........7.5 Bu.
10
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TABLE IV— CORN YIELDS— EIGHT YEARS— 1906-1913.
P
lo
t
Soil Treatment
Av. Yield 
in Bu. 
per acre
Inc. or 
Dec. in 
Bu. per 
acre
Value of 
Increase 
per acre
Cost of 
Treat- 
per acre
turns 
Net re- 
per acre
1
2
None ................
Cowpeas . . . . . .
60.2
60.1 T- .l $-.05 $1.25 $-1.30
3 Manure ............ 72.4 12.2 5.49 .80 4.69
4 Manure, cow- 
peas .............. 68.3 8.1 3.65 2.05 1.60
5 Manure, cow- 
peas, phos­
phorus .......... 73.1 12.9 5.81 5.05 0.76
6 Cowpeas, phos­
phorus .......... 64.9 4.7 2.12 4.25 -2.13
7 Manure, phos­
phorus .......... 72.1 11.9 5.36 3.80 1.56
8 Cowpeas, phos­
phorus, pot­
assium ........ 72.1 11.9 5.36 6.75 -1.39
9 Manure, phos­
phorus, pot­
assium .......... 72.7 12.5 5.63 6.30 -.67
10 Phosphorus, 
potassium .. 69.9 9.7 4.36 5.50 -1.14
11 Phosphorus . . . 59.1 -1.1 -.50 3.00 -3.50
Average gain for manure ..............8.8 Bu.
Average gain for phosphorus . . . . 2.1 Bu. 
Average gain for potassium........ .6.2 Bu.
Cow/-teas M anure M anure Manure Cowfeas Manure Cowfeos Manure feoyM rutfeoyA orus 
-  */ 30 * 4  69 Cow fea s Cowfeas fihospOorvi flnos/oAoruiPhosphorusfihoipAona /b¿oss/um —*3.SO
*/60 feosp/orus -*2./3 */ 56 fbtoss/umfetass/um -*//4
*076 -*/ 39  -*0 .67
C/>ec6 Cow feas M anure M anure Manure Cota feo s  Manure Cowfeos Manure feoyA cna feospAans 
60SUu 60 /¿xj 7£4¿>a Cow feos Cow feos feoyAorus feoyAerusfeioyAarusfeayAarvs fetass/um 5 3  feu
68.3/v  feoyAorus 649i>u 72./Ou fetosomm feioss/ont 6 9 .9  Ov.
7 3 /¿u 72/Au 73760
/7rerage A/et fíe to r  ns and f/e/ds o f Corn /n fíotat/on —£/gAt fears
Fig. 2— Graphic Showing of Results for Eight Year Period with Corn in
Rotation.
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ments were reduced below those secured from manure alone. 
Thus, while for the eight year period slightly larger increases 
in yield were produced by the use of manure-phosphorus-potas­
sium and of manure-phosphorus-cowpeas than by manure alone, 
the latter treatment was shown to be the most profitable.
When phosphorus was added with the manure, almost iden­
tical yields were secured as with the manure alone, but the added 
cost of the phosphorus reduced the net returns. Similarly with 
the potassium, very slight differences in yields were secured and 
the cost of the application reduced the value of the increase over 
that secured by manure alone. The application of phosphorus 
alone proved of practically no value, a slight increase in yield 
during the first rotation being more than offset by a depression 
during the second four-year period and for the eight-year period; 
therefore, the use of the material proved an actual expense. The 
phosphorus and potassium together brought about an increase in 
yield which was somewhat smaller for the eight years than that 
of the manure alone and again the application proved an ex­
pense.
The use of cowpeas alone depressed the yield of corn, as has 
been mentioned, and therefore proved an expense. In combina­
tions with other materials, some increases followed, but they were 
too slight in all cases to prove profitable. Thus when the cow- 
peas were added to manure and phosphorus, practically the same 
yield was secured as when the manure alone was used, but a 
slight gain was evidenced over the manure-phosphorus treatment. 
This latter increase, however, did not prove of value. Again, 
when cowpeas were used with phosphorus and potassium, a 
slight gain in yield over the phosphorus-potassium treatment was 
given, but it was not profitable. In general, it appears that the 
cowpeas did not prove of value on the corn cropland this may 
be attributed to a removal of available plant food and moisture 
from the soil.
The average gains for the treatments with manure, phos­
phorus and potassium show clearly the superior value of the 
manure, although phosphorus and potassium each shows in­
creases, the latter giving evidence of more effect than the for­
mer. During the first four-year period the manure gave in­
creases twice as large as those brought about by the potassium, 
and almost four times as great as those with phosphorus. Dur­
ing the second four years, however, the average increase with 
the potassium was about the same as that with the manure, but 
the phosphorus gave only a very slight effect. Hence, for the 
eight ybars the gain for the manure was 8.8 bushels per acre 
against 6.2 bushels for the potassium, and 2.1 bushels for the 
phosphorus. The potassium thus proved of superior value to 
the phosphorus, but it must be recalled that there was no plot
12
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receiving potassium alone and hence the average effect was prob­
ably somewhat larger than should have been the case.
It is apparent from these results that applications of fertil­
izing materials other than manure cannot be recommended for 
corn on this soil type, provided manure is available for use. The 
manure produced the greatest effect at the lowest cost and other 
materials used with it did not pr'ove profitable.
THE EXPERIMENT WITH OATS,
With oats, manure was the only fertilizer that gave any net 
returns, either for the two four-year periods or for the eight 
years. The results of the oats experiments are given in tables 
V, VI and VII, and fig. 3 shows the average increases and net re­
turns for the eight years.
| With all the other treatments except manure, the cost of the 
fertilizers considerably exceeded the value of the increases in 
oat yields. The increases occasioned by some of the other treat- 
mnts were greater than those given by the manure alone in some 
instances, but the cost of the fertilizers applied was so great that 
m no case was their use profitable. Thus, during the first rota­
tion the manure-phosphorus-potassium treatment gave a consid­
erably larger increase in yield than the manure alone, but the 
cost exceeded the value of the increase. Likewise, the manure- 
phosphorus treatment increased the yield, but the gain was too 
small to pay for the phosphorus applied. Several of the combina-
TABLE V— OATS YIELDS— FOUR-YEAR PERIOD— 1906-1909.
Soil Treatment
None 5®.. . . . . .
Cowpeas __ _
Manure .........
Manure, cow 
peas . . . . . . .
Manure, cow- 
peas, phos­
phorus .......
Cowpeas, phos
phorus .......
Manure, phos­
phorus
Cowpeas, phos 
phorus, pot­
assium . . . .  
Manure, phos­
phorus, pot­
assium . . . .  
Phosphorus, 
potassium . 
Phosphorus ..
Av. Yield 
in Bu. 
per acre
Inc. or 
Dec. in 
Bu. per 
acre
Value of 
Increase 
per acre
Cost of 
Treat­
ment 
per acre
Net re­
turns 
per acre
49.9
49.5
54.6
-.4
4.7
$-.14
1.65
$1.25
.80
$-1.39
.85
47.7 -2.2 -.77 2.05 -2.82
56.5 *6.6 2.32 5.05 -2.73
55.6 5.7 1.99 4.25 -2.26
56.6 6.7 2.34 3.80 -1.46
.58.8 8.9 3.12 6.75 -3.63
61.8 11.9 4.16 6.30 -2.14
49.6
51.1
Mi
-.3
1.2
-.10
.42
5.50
3.00
-5.60
-2.58
Average gain for manure.^___ ... .4.3 Bu.
Average gain for phosphorus___ 4.5 Bu.
Average gain for potassium___ __2.3 Bu.
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tion treatments, including cowpeas, increased the yields slightly 
over that secured with the manure, but in all cases the applica­
tions proved an expense.
TABLE VI— OATS YIELDS— FOUR-YEAR PERIOD— 1910-1913.
P
lo
t
Soil Treatment
Av. Yield 
in Bu. 
per acre
Inc. or 
Dec. in 
Bu. per 
acre
Value of 
Increase 
per acre
Treat- 
Cost of 
ment 
per acre
Net re­
turns 
per acre
1
2
None ................
Cowpeas ..........
60.1
63.4 3.3 $1.16 $1.25 $ .09
3 Manure ............ 69.2 9.1 3.19 .80 2.39
4 Manure, cow­
peas ............. 68.2 8.1 2.84 2.05 .79
5 Manure, cow­
peas, phos­
phorus .......... 71.6 11.5 4.03 5.05 -1.02
6 Cowpeas, phos­
phorus .......... 69.5 9.4 3.29 4.25 -.96
- 7 Manure, phos­
phorus .......... 68.1 8.0 2.80 3.80 -1.00
8 Cowpeas, phos­
phorus, pot­
assium .......... 69.0 8.9 3.12 6.75 -3.63
9 Manure, phos­
phorus, pot­
assium .......... 68.9 8.8 3.08 6.30 -3.22
10 Phosphorus, 
potassium . . . 60.0 -.1 -.04 5.50 -5.54
11 Phosphorus . . . 64.7 4.6 1.61 3.00 -1.39
Average gain for manure..............  5.7 Bu.
Average gain for phosphorus........  3.2 Bu.
Average gain for potassium........ -1.4 Bu.
TABLE VII— OATS YIELDS— EIGHT-YEAR PERIOD— 1906-1913.
P
lo
t
Soil Treatment
Av. Yield 
in Bu. 
per acre
Inc. or 
Dec. in 
Bu. per 
acre
1 None ................ 55.0
1.42 Cowpeas .......... 56.4
3 Manure ............ 61.9 6.9
4 Manure, cow­
peas .............. 67.9 2.9
5 Manure, cow­
peas, phos­
phorus .......... 64.1 9.1
6 Cowpeas, phos­
phorus .......... 62.5 7.5
7 Manure, phos­
phorus .......... 62.4 7.4
8 Cowpeas, phos­
phorus, pot­
assium ........ , 63.9 8.9
9 Manure, phos­
phorus, pot­
assium ........ 65.3 10.3
10 Phosphorus 
Potassium .. 54.8 -.2
11 Phosphorus . . . 57.9 2.9
Value of 
Increase 
per acre
Cost of 
Treat­
ment 
per acre
$ .49 $1.25
2.42 .80
1.03 2.05
3.18 5.05
2.63 4.25
2.59 3.80
3.12 ' 6.75
3.61 6.30
-.07 5.50
1.03 3.00
Net re­
turns 
per acre
$-.76
1.62
- 1.02
-1.87
-1.62
- 1.21
' -3.63
-2.69
-5.57
-1.97
Average gain for manure-----
Average gain for phosphorus 
Average gain for potassium.
5.0 Bu. 
3.9 Bu. 
0.4 Bu.
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During the second period the net returns from the manure 
were very much greater than from any other treatment and the 
yield secured was the largest with one exception. The average 
yields for the eight years were slightly larger with some of the 
combination treatments than with manure alone, but all proved 
unprofitable, while the manure showed a satisfactory profit. 
r++i 1 ¿T Ufie °* ph°sPhorus, as in the case of the corn crop, had 
ittle effect on the oats crop and the potassium was of less use 
than was the case with the corn.
When the cowpeas were used, gains were secured in a few 
instances, but the increases were never sufficient to warrant their 
use. When cowpeas were used alone, only a very slight effect was 
shown, a slight falling off in yield occurring^uring the fiTst 
period and a small increase during the second. The cowpeas evi- 
ently had a depressing effect on the oats crop similar to that 
on the corn, but not so pronounced. This indicates that the un­
satisfactory moisture conditions and lack of available plant food 
to which the effect of the cowpeas on the corn was attributed, per­
sisted during the following season and affected the succeeding 
crop of oats. &
n„t„„T-he T raf  ^ .in8,for H  manure, the phosphorus and the 
potassium treatments show the manure to be of superior effect 
on the oafs crop, 4.9 bushels per acre being its average incerase 
for the eight y<»rs The phosphorus produced smaller g a i i o i  
¿.8 bushels, while the potassium had practically no effect 
„11T. 1 results of these experiments with oats check those se­
cured with corn and demonstrate clearly the superior fertilizing
_ ■ ______________________________
Cow fbos M anure Manure. Manure Cow/bas Manure Cotvfees Manure /»oijoforus Stfos/rforvs 
-* 0 7 6  *7.66 Cowfkas Cow/bos - * / 9 /
“ *702 /ftosffiorus -* 7 2 2  —*7 2 / /b/ass/unj fb/ass/um  — *5 5 7
-*/S7  -*363  -*2 69
Check Cow teas M anure Manure Manure Cowfbas Manure Cowfbas Manure ffiosp/iorus ffospiorus 
55,Obu. 5 6 4 bu 6797>u. Cowfbas Cowfeos ffios/i/ervs/ftoyatarus f/oyifarvs ffospborus /b(ass/unt 579bu
57.9/>u Tfospborus 6 2 5bu 6247>u /trfass/om fbfoss/vm 5 4 .3 fu  
64./6u  63 .9 ¿u 653bu
A verage  /Vet /Pet¿/ms and Y7'e/cfs o f Oats  —  E/g/?t Y e a rs  
Fig. 3-Graphic Showing of Results with Oats in Eight Tear Period.
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value of manure. The use of 
not be recommended for oats 
prove of little or no value.
fertilizers other than manure can- 
any more than for corn, for they
THE EXPERIMENTS WITH CLOVER
In the clover experiments there were some variations in the 
effects of the treatments during the two rotations, as appears in 
tables VIII, IX  and X  and fig. 4. Thus the largest increases in 
yields were Secured with the manure-cowpeas-phosphorus and 
the phosphorus-potassium treatments in the first period, while 
the cowpeas-phosphorus-potassium and the manure-phosphorus- 
potassium treatments gave the greatest effect in the second rota­
tion. For the entire eight year period, however, the greatest in­
crease was brought about by the cowpeas-phosphorus-potassium 
treatment, while the manure-cowpeas-phosphorus and the ma­
nure-phosphorus-potassium treatments showed a somewhat 
smaller, though still considerable increase. ,
In all cases the manure alone gave an increase m the yield, 
but less than with the combination treatments. The phosphorus 
alone had only a very slight effect; while the cowpeas alone 
showed a large influence during the first period, it was so very 
slight during the second that the average for the eight years was 
small ■ - ' ■ - . ~
The net returns from the treatments were the greatest dur­
ing the first rotation, where the cowpeas alone and the manure
TABLE VIII— CLOVER YIELDS— FOUR-YEAR PERIOD— 1906-1909.
o
E
1
2
3
4
5
6
7
9
10
11
Av. Yield Inc. or Dec. in
Soil Treatment in Tons Tons
per acre per acre
None . . ............
Cowpeas ..........
Manure ........ ....
Manure, cow-
2.25
2.96
2.88
2.64
.71 y  
.63
.39
Manure, cow-
peas, phos­
phorus .......... 3.16 .91
Cowpeas, phos-
2.72 .47phorus .......... ,
Manure, phos­
phorus ..........
• Cowpeas, phos-
2.84 .59 .
phorus, pot- 
assium ........ 3.08 .83
Manure, phos-
phorus, pot- 
assium . . . . . 2.91 .66
Phosphorus
3.15 .90
-.24. potassium ..Phosphorus . . . 2.49
Value of 1 
Increase 
per acre
Cost of 
Treat­
ment 
per acre
Net re­
turns 
per acre
$5.68
5.04
$1.25
.80
$4.43
-4.24
3.12 2.05 1.07
7.28 5.05 2.23
3.76 4.25 -.49
4.72 3.80 .92
6.64 6.75 -.11
5.28 6.30 . -1.02
-7.20
1.92
5.50
3.00
1.70
-1.08
Average gain for manure-----
Average gain for phosphorus 
Average gain for potassium.
.17 Tons 
.12 Tons 
.36 Tons
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treatments were used. During the second rotation the cowpeas- 
phosphorus-potassium treatment gave a somewhat greater return 
than the manure and the cowpeas alone proved an expense. For 
the eight year period, however, the manure alone showed the 
TABLE IX— CLOVER YIELDS— FOUR-YEAR PERIOD— 1910-1913.
| 
P
lo
t
Soil Treatment
1 1Av. Yield 
in Tons 
per acre
InG. or 
Dec. in 
Tons per 
acre
Value of 
Increase 
per acre
Cost of 
Treat­
ment 
per acre
Net re­
turns 
per acre
1
2
None ........ .
Cowpeas . . . . . .
i 2.24 
2.35 .11 $ .88 l $1.25 $-.373 . Manure ............. 2.7-7 .53 4.24 .80 3.444 Manure, cow­
peas .............. 2.44 .20 1.60 2.05 -.455 Manure, cow­
peas, phos­
phorus . . . . . . 3.05 .81 6.48 5.05 1.436 Cowpeas, phos-. 
phorus . . . . . . 2.70 .46 3.68 4.25 -.577 Manure, phos­
phorus .......... 2.85 .61 4.88 3.80 1.088 Cowpeas, phos­
phorus, ¡pot­
assium ........ 3.63 1.39 11.12 6.75 4.379 Manure, phos­
phorus, pot­
assium ........ 3.20 .96 " 7.68 6.30 1.3810 Phosphorus 
potassium .. 1 2.65 .41 3.28 5.50 -2.22
U , Phosphorus . . . 2.41 .17 1.36 ¡3.00 -1.64
Average gain for manure............... 39 Tons
Average gain for phosphorus... .30 Tons 
Average gain for potassium......... 51 Tons
TABLE X — CLOVER YIELDS— EIGHT-YEAR PERIOD— 1906-1913.
P
lo
t
Soil Treatment
Av. Yield 
Tons 
per acre
Inc. or 
Dec. in 
Tons per 
acre
Value of 
Increase 
per acre
Cost of 
Treat­
ment 
per acre
Net re­
turns 
per acre
1
2
None ................
i Cowpeas ..........
2.25
2.65 .40 H '$3,20 $1.25 $1.95
3 Manure ............ 2.82 .57 4,56 .80 3.76
4 i Manure, cow­
peas ............ .. 2.54 .29 2.32 2.05 .27
5 Manure, cow- 
1 peas, phos­
phorus .......... 3.11 .86 6.88 5.05 ' 1.83
6 Cowpeas, phos­
phorus . . ; . . . 2.71 .46 3.68 4.25 -.57
7 - Manure, phos- 
i phorus . . . . . . 2.85 .60 4.80 3.80 1.00
8 Cowpeas, phos­
phorus, pot­
assium ........ 3.35 1.10 8.80 6.75 2.05
9 Manure, phos­
phorus, pot­
assium ........ ' 3.06 .81 6.48 t>.C9 .18
10 Phosphorus 
potassium .. 2.90 .65 5.20 5.50 -.30
11 Phosphorus . . . 2.45
1
1.60 3.00 -1.40
Average gain for manure..............284 Tons
Average gain for phosphorus.. .215 Tons 
Average gain for potassium...  .433 Tons
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largest return on the investment and the other treatments proved 
of considerably less value.
The greatest average gain for any one treatment was given 
by the potassium, that from manure was second and from phos­
phorus smallest. This was true for each rotation, as well as for 
the eight year period.
The effects of the fertilizer treatments on clover are thus 
somewhat different from the effects on corn and oats. While 
with the latter the manure showed decidedly greater effects than 
any other treatments, with clover the largest effect was given by 
the potassium. Phosphorus had less effect on the clover crop 
than the other materials, just as in the case of the corn, but un­
like the results with oats, where potassium had the smallest in­
fluence. However, the greatest net return was given by the 
manure alone, just as was the case with the corn and oats crops.
The large influence of the potassium on the clover crop 
shows its need of this elemeent. A 4-ton crop of clover hay will 
remove 120 lbs. of potassium from the soil, while a 100-bushel 
crop of corn will take out only 71 lbs. if the stover and grain are 
both removed, and only 19 lbs. if the stover is returned to the 
soil. Manure, of course, supplies some potassium, as well as 
phosphorus and nitrogen, but evidently an additional amount 
may show some effect on the clover crops, although only a small 
influence is exerted on corn and oats. Again, the clover, if well
Fig. 4—Graphic Showing of Results W ith Clover in Eight Tear Period.
■ I
Co* teas Manure 
*/.9C *376
dyerage /V et R etu rn s one/ Yie/ds o f  C/over -  Eight Years ^
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and hence the nitrogen present in the manure would have less 
influence on the clover than on the corn and oats. The effects 
of the phosphorus in the manure would be the same, probably, 
on all the crops and the influence of the manure on the physical 
conditions in the soil would be of practically the same import­
ance on all the crops.
GENERAL CONCLUSIONS FROM ROTATION TESTS.
It may be concluded from these tests that while manure ex­
erts a considerable influence on the yields of clover, the use of 
potassium may also have some effect. Inasmuch as the potas­
sium, however, proved of practically no use on the oats and had 
less effect than the manure on corn, the profitable use of the 
material in the rotation must be determined by its effect on the 
clover crop. In other words, the effect on the clover must be 
great enough to warrant the use of potassium in the rotation. 
This does not mean that potassium should be used in place of 
manure, but that potassium may be used in addition to manure.
Phosphorus proved of very little value on any of the crops 
in the rotation, the greatest effect being evidenced on the oats. 
Its influence on this crop was not large enough, however, to war­
rant its use in the rotation.
The use of cowpeas had some influence on the clover crop, 
although their effect was much less than that of the manure. The 
injurious effects of this catch crop in the case of the corn and 
oats, due probably to the interference with the best moisture and 
plant food conditions, were not shown on the clover. It is appar­
ent, however, that the value of the cowpeas as a green manure 
crop in the rotation is questionable, because of the removal of 
moisture and available plant food from the soil to the detriment 
of the corn and the oats crops.
The manure treatment proved uniformly of the greatest 
value on the four crops in the rotation, giving the largest yields 
in most cases. Because of this fact and because of its low cost, 
manure shows greater net returns than any other treatments. 
Even in cases where some combination treatments gave slight in­
creases in yield over the manure, the small expense involved in 
the use of this material made it the most valuable from the stand­
point of crop production and net returns.
The especial value in the use of manure is worth emphasis, 
as this means of maintaining soil fertility is too often overlooked 
and its value as a method o f supplying necessary plant food is 
frequently forgotten. Many times expensive fertilizers are pur­
chased and applied to thé. soil, giving perhaps satisfactory in­
creases, when if comparisons were made, it might be found that 
manure would serve quite as well or better, as was shown in
19
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these experiments. In cases where the manure supply is insuffi­
cient or the mineral plant food content of the soil is very low, it 
would, of course, be necessary then to supply the necessary ele­
ments by the use of some other fertilizing material.
THE EXPERIMENTS WITH CONTINUOUS CORN
Manure proved itself the most profitable fertilizer in the 
tests with continuous corn.
The results obtained with the continuous growing of corn on 
the plots in series E are given in tables X I, X II and X III, show­
ing the yields for two four-year periods and for the entire eight 
years, respectively. They provide a direct comparison between 
the effects of the treatments on corn in a four-year rotation and 
when it is grown continuously. Fig. 5 presents graphically the 
average increases and net returns for the eight years.
An examination of the tables shows that the greatest yields 
were not secured with the same treatments during the two four- 
year periods. Thus in the first four years the manure-phos­
phorus, cowpeas-phosphorus-potassium, and the manure-phos­
phorus-potassium treatments gave practically identical increases 
(the largest gains secured), while in the second period the ma- 
nure-cowpeas-phosphorus gave the greatest increase. The other 
treatments mentioned, however, showed large gains in the second 
period.
TABLE XI— CONTINUOUS CORN YIELDS— FOUR-YEAR PERIOD—
1906-1909.
P
lo
t
Soil Treatment
Av. Yield 
in Bu. 
per acre
Inc. or 
Dec. in 
Bu. per 
acre
Value of 
Increase 
per acre
Cost of 
Treat­
ment 
per acre
Net re- 
; .  turns 
per acre
1
2
None ................
Cowpeas ..........
46.1
47.5 1.4 $ .63 $1.25 $-.62
3 Manure ............ 55.7 9.6' 4.32 .80 1 3.52
4 Manure, cow- 
peas •.............. 54.9 0° OO 3.96 2.05 1.91
5 Manure, cow- 
peas, phos­
phorus .......... 58.6 12.5 5.63 5.05 .58
6 Cowpeas, phos­
phorus .......... 48.9 2.8 1.26 4.25 -2.99
7 Manure, phos­
phorus .......... 60.9 14.8 6.66 3.80 ' 2.86
8 Cowpeas, phos­
phorus, pot­
assium ........ 60.7 14.6 6.57 6.75 -.18
9 Manure, phos­
phorus, pot­
assium ........ 60.8 14.7 6.62' 6.30 .32
10 Phosphorus 
potassium .. 53.3 7.2 3.24 5.50 -2.26
11 Phosphorus . . . 48.6 2.5 1.13 3.00 -1.87 i
Average gain for ¿manure...............9.3 Bu.
-Average gain for-phosphorus..........3.2 Bu.
Average gain for potassium............5.4 Bu.
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It is evident that the results for the entire eight-year period 
should be considered the more accurate. The largest yield is 
then shown to be obtained with the manure-cowpeas-phosphorus 
TABLE XII— CONTINUOUS CORN YIELDS— FOUR-YEAR PERIOD—
1910-1913.
I 
P
lo
t
Soil Treatment
Av. yield 
in Bu. 
per acre
Inc. or ' 
Dec. in' 
Bu. per 
acre
Value of 
Increase 
per acre
Cost of 
Treat­
ment 
per acre
Net re­
turns 
per acre
12 None ................Cowpeas .......... 39.340.9 1.6 1 $ .72 $1.25 $-.53 
4 963 Manure ............ 52.1 12.8 5.76 , .804 Manure, cow- 
peas .............. 51.9 12.6 5.67 ' 2.05 3.625 Manure, cow- 
peas, phos­
phorus .......... 54.3 i 15.0 6.75 5.05 1 706 Cowpeas, phos­
phorus . . . . . . 44.1 4.8 2.16 4.25 -2 097 Manure, phos­
phorus .......... 49.0 9.7 4.37 3.80 .578 Cowpeas, phos­
phorus, pot­
assium ........ 50.4 11.1 5.00 6.75 -1 759 Manure, phos­
phorus, pot­
assium ........ 47.6 8.3 ' 3.74 6.30 12.5610 Phosphorus 
potassium .. 45.2 5.9 1 , 2,66 5.50 i -2.84U Phosphorus . . . 38.6 -.7 -.32 3.00 -3,32
Average gain for manure...........9.3 Bu.
Average gain for phosphorus__0.75 Bu. é  i
Average gain for potassium......3.8 Bu.
TABLE XIII— CONTINUOUS CORN YIELDS— EIGHT-YEAR PERIOD
1906-1913.
P
lo
t
Soil Treatment
Av. Yield 
Tons
Inc. or 
Dec. in 
Bu. per
Value of 
Increase "
Cost of 
Treat-
•
Net re­
turnsper acre acre per acre per acre per acre
1 None ................ 42.7 
44 22 Cowpeas . . . . . . 1.511.2 $ .68 5.04 Î $1.25 ,80 $ .5 7  4 .2 43 53.94 Manure, cow-
peas .............. ; 53.4 10.7 4.82 ! 2.7 T5 Manure, cow- Z.UO
! peas, phos- *
6 phorus . . . . . . .Cowpeas, phos- 56.4 t 13.7 6.17 5.05 1.12:
phorus . . . . . . 46.5 1 3.8 1.71 4.25 • -2.547 Manure, phos-
phorus .......... 54.9 12.2 ' 5.49 I 3.80 1.698 Cowpeas, phos-
phorus. pot­
assium ........ 55.5 12.8 5.76 6.75 -.999 Manure, phos-
10
phorus, pot­
assium ........ 54.2 11.5 5.18 6.30 1 -1.12Phosphorus4 ' potassium .. 49.2 . 6.5 2.93 I 5.50 -2.57-2.59; Phosphorus . . . 43.6 .9 .4! i 3.00
Average gain for manure............... 9.3 Bu.
Average gain for phosphorus....... 1.8 Bu.
Average gain for potassium............4.6 Bu.
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treatment, while the other treatments proved somewhat less val­
uable. The treatment with manure alone, gave large increases, but 
not the largest. When the cost of the materials is considered, 
however, it is found that for the eight-year period the manure 
gave the largest net returns. The additions of other fertilizing 
constituents to the manure did not prove of sufficiently great 
value to warrant their use. Phosphorus alone gave very small 
increases and proved an expense rather than of any value; the 
same was true of the cowpeas-phosphorus treatment. Cowpeas 
alone proved of practically no value.
The average gain for the various fertilizing constituents was 
found to be the greatest for the manure, 9.3 bushels per acre, 
while the potassium gave 4.6 bushels increase and the phosphorus 
only 1.9 bushels.
It appears again, therefore, from these experiments that 
manure is the most valuable fertilizer for corn. Additions of 
other materials, while giving slight increases in yields, are not 
profitable.
As compared with the results with corn in the four-year 
rotation, the yields on the fields continuously in corn are very 
much smaller. While in the case of corn in rotation the largest 
average yield for the eight-year period was 73 bushels per acre, 
where corn was grown continuously the greatest average yield 
was 56 bushels per acre. In fact, the untreated soil in the rota-
«Cow/bas Afanore Afa/70/~e /tfoffore CowAkas /Manure CorAteas /Manure /ftas/rtorvs /ftaspfort/s 
A'0.57 *#£4- C o#/bas Covr/kas Aboquboros Aftosjobon/s /ftosfriorvsfftospAoras /2>tass/oa? -*£ .5 3
* 2 7 7  /tyosfrforos —*£.54 * /6 9  /b /aas/um  /btass/um  5 7*/./£ *^0.99 -*/./£
I l l l l l l l l l l
C heck Cow/has Manure /Manure Manure Cow/has M anure Cowfeos M anure, AfiospAoroa Afta^Aonus 
42.7bo 44 .2 bu 5 3 -9 blf Co#teas Co#teas /ftos/rtorus /fiospkorus AfrospAcn/s/frasp/wos Ahiass/bm 4 3  6Au.
53.4bo AAopAorus . 46.5bo 549bo /ttaas/oafAbtass/oar 49sbu.
, 56.4bo. S5.5bo. 54.£bu.
A verage U e t ftetu rn s and f/e /d s o f  Corn —Cont/nuoi/s -£)gr/rt tears 
Fig, 5—Graphic Showing of Results with Continuous Corn in Eight Year Period.
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tion experiment gave 60 bushels average yield, while the un­
treated plot in continuous corn yielded only 42 bushels.
Continuous growth of corn is very injurious to the soil and 
causes a rapid depletion in fertility. It will be noted that thgj 
yield on the untreated plot for, the. second four-year period 
considerably less than that during the first period, while in 
rotation experiment the yield was ^practically the same in both 
rotations. Not only does the continuous growing of corn use up 
the plant food too rapidly, but the humus or organic matter con­
tent is exhausted too completely and the physical condition ç>f 
the soil becomes inpaired. Even when fertilizers are added, as 
in this experiment, the yields cannot be brought up to the nor­
mal.
The relative value of the various treatments on corn, how­
ever, appears to be practically the same whether the corn is in 
rotation or is grown continuously. Thus manure is of the great­
est value in both cases ; potassium proved of much less value, and 
phosphorus was of the smallest importance. Cowpeas did not 
give any appreciable increase in yield in either case, the unfavor­
able effect on the moisture and plant food conditions being the 
same. While additions of phosphorus or potassium with manure 
increased the yields slightly both in the rotation and in the con­
tinuous cropping, the differences over manure alone were too 
slight to prove profitable and the manure gave the largest net 
returns on the investment.
It may be concluded, therefore, that the growth of corn on 
the Carrington loam, whether the corn is grown in a rotation or 
continuously, is affected to the greatest degree by the use of 
manure, and other fertilizing constituents used in addition do 
not prove profitable.
RECOMMENDATIONS FOR HANDLING THIS TYPE OF
SOIL
I f  the land in the Wisconsin drift soil area is to be kept per­
manently fertile, : it is necessary that proper methods of treat­
ment be adopted. While the analyses of the soil show that it is; 
not infertile, evidence is at hand to indicate that much of the 
soil is not producing the best crops.
The experiments reported in this work show that applica­
tions of various fertilizing materials bfihg about increases in 
crop production. They show, also, that without treatment there 
is’ a gradual decline in crop yields. No soil can remain perma­
nently fertile unless care is taken that all the plant food removed? 
by the crops grown is returned to the soil and the physical con­
dition of the soil is kept favorable for crops.
Definite methods of soil management must therefore be 
adopted for the Carrington loam if it is to be made more pro­
ductive or kept permanently fertile.
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THE ROTATION OF CROPS.
In the first place, it is absolutely essential that a definite 
rotation of crops be followed. Continuous growth of one crop 
leads more or less rapidly to the “ wearing out”  o f soils and the 
yields gradually become smaller until a point is reached at which 
the yield is not profitable.
It was shown in these experiments that the average yield for 
eight years of corn in the four-year rotation was about 18 bush­
els greater than that for the same length of time in continuous 
cropping. It was found also that the yield of corn under con­
tinuous cropping became gradually less, while in the rotation 
no depression occurred during the period of the investigation. 
This depression from continuous cropping occurred notwith­
standing the fact that this particular soil type is not poor in 
humus or in plant food and its physical condition apparently is 
not unsatisfactory. I f continuous growing of corn produces a 
depression in yield on such a soil as the Carrington loam, in the 
short period of this experiment, there can be no doubt but that 
a more pronounced injury would be occasioned in a shorter space 
of time on a poorer soil.
In general, therefore, it may be said that the .practice of 
continuous growing of any cultivated crop is dangerous and 
should not be followed on any soils of the state. Definite sys­
tems of rotations, satisfactory for the climatic and economic con­
ditions,. should be chosen for every soil and such a rotation 
should Contain clover or some legume, if the organic matter or 
humus Content of the soil and the ntirogent content are to be 
maintained.
Various rotations may prove profitable in this state. The 
iour-year rotation used in this experiment, corn, corn, oats and 
clover, is very commoii and satisfactory. Sometimes wheat is 
grown in place of one of the corn crops, or in place of the oats 
c ro p .: Occasionally alfalfa is used, in which case the rotation 
must be lengthened to at least five years. But whatever the rota­
tion used, it should contain a legume that is plowed under as a 
green manure or is fed to live stock and the. manure carefully 
saved and applied to the land.
The value of the rotation of crops has been emphasized con­
siderably in ¿recent years and there are not many who still per­
sist in growing one crop continuously, but occasionally the large 
returns from some crop offers such an inducement that it is 
grown year after year on the same soil and the soil becomes 
rapidly infertile.
For the benefit of any who may be inclined to minimize the 
importance of the rotation of crops, this discussion of these ex­
periments has been «included here-and the importance of choosing 
a suitable rotation containing a; legume is emphasized.
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MANURING.
The supply of organic matter and nitrogen must be kept 
up in all soils if they are to be maintained permanently fertile 
and the Carrington loam is no exception to this rule. The best 
and cheapest method of insuring the presence of the proper 
amounts of both of these substances,is by the use of farm manure. 
Additions of this material, if large enough, will maintain the 
soil in excellent physical condition, will insure the proper pro­
duction of available plant food thru the encouragement of bac­
terial action, and will keep up the nitrogen content of the soil.
The experiments reported in this work have shown the value 
of applications of manure to this type of soil and the increases in 
crop, production thru its use have been found to be considerable. 
In fact, it has been noted that greater net returns have been se­
cured by the use of manure than with any other fertilizing con­
stituent and in most cases greater yields have also been obtained. 
The use of other fertilizers with manure has not proven profit­
able.
It is evident from this work that manure returns to the soil 
much of the plant food necessary for crop growth, besides intro­
ducing organic matter, which improves the physical condition of 
the soil, and large numbers of bacteria, which increase the pro­
duction of available plant food. The effect of the manure on 
this type of soil may be due to one or all of these factors, but as 
the effects were-so much greater than when materials supplying 
certain plant food constituents were used it is probable that the 
organic matter or bacterial content was largely responsible.
If manure has such a pronounced value on this type of soil, 
which is not poor but comparatively rich in plant food and in or­
ganic mtater, also, the necessity for the use of manure on all 
Iowa soils should be strongly emphasized. No other material 
can be used that is as satisfactory and economical.
Great care should be used in the storing of manure that 
there may occur no waste of valuable matter. The liquid portion 
of the manure contains most of the nitrogen and it is readily 
leached out i f  the manure is exposed to the weather. Too often 
manure is piled loosely just outside the stables and the rains and 
alternate wetting and drying of the material cause a loss of valu­
able plant food which may amount to 80 to 90% of that present.
Effort should be made to prevent losses from the manure 
if the store of plant food in the soil is to be maintained by its 
use. Under the best conditions of storage, the manure may re­
turn to the soil about 80% of the plant food removed in the 
crops which are fed on the farm. Consequently, the manure 
may play a major part in the 'maintenance of fertility and inas­
much as it is less expensive to apply to soils than any other ma­
terials, it is especially important that care should be taken in its
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handling and nse. Methods of storing and applying manure are 
discussed at some length in Circular No. 9 of the Iowa Agri­
cultural Experiment station, and it will be unnecessary to discuss 
them here. Suffice it to say that if the manure is not spread on 
the land as produced (a method much in favor) it should be 
stored in a covered yard with a concrete floor or in a concrete 
lined pit. By any of these methods there is a minimum loss of 
valuable matter from the manure.
Manure cannot be depended upon to return to the soil all 
'the plant food removed by crops, so that eventually it will be 
necessary to add some other constituents, but if all the produce 
of the farm is fed on the farm and the manure carefully cared 
for and applied to the soil, the time wheu other fertilizing ma­
terials must be used will be put much further in the future. -
The Wisconsin drift soils contain moderate amounts of plant 
food constituents and when manure was applied the bacterial 
activities increased to such an extent that sufficient available 
constituents were produced to support the best crop growth and 
further additions of plant food showed no profit. Eventually, 
however, other fertilizers than manure must be applied to the 
soil to keep up the fertility, but at the present time other ma­
terials do not seem to be of much value and certainly are not 
profitable.
GREEN MANURING.
Farm manures have been shown to be the cheapest and best 
means of supplying organic matter and nitrogen to the soil, but 
it is clear that unless a system of live stock farming is followed, 
there will be very little production of manure. In other words, 
the grain farmer must adopt some other means than the use of 
manure in order to maintain the humus and nitrogen supply in 
his soil. This may be done by the use of green manure crops.
Legumes are used for green manuring in preference to other 
crops because they supply nitrogen as well as organic matter. I f 
they are well inoculated, as they should be, they take nitrogen 
from the atmosphere and add it to the soil.
Cowpeas were used in thisvexperiment as a catch crop in the 
standing corn, but they did not prove of value. In fact, in many 
cases they brought about a depression in the yield of corn and 
even in the' subsequent yield of oats. It is believed that this in­
jurious action was due to the fact that the cowpeas took from 
the soil considerable quantities of available plant food and water. 
It is possible, however, that there may be some other reason for 
the lack of any beneficial effect of the cowpeas. Perhaps they 
produce some substances which are injurious to the corn and 
oats. No injurious" action was noted on the clover, which fol­
lowed the oats in the rotation.
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At any rate, this work seems to emphasize the point that 
when green manuring is practiced by using a catch crop like cow- 
peas in corn, it must be carried out with great care and all pre­
cautions observed that there shall be no injurious action on the 
main crop. In case the green manure catch crop quite regularly 
reduces the yield of the principal crop, it is advisable to discon­
tinue the growing of a catch crop.
This statement should not be interpreted to mean that green 
manuring should not be practiced, for, as has been pointed out. 
it is the logical method of maintaining the humus and nitrogen 
content of the soil under systems of farming where manure is 
not produced. But it is evident that the method of using a catch 
crop followed in this experiment is unsatisfactory. Soil and 
climatic conditions and the particular seasonal conditions must 
determine the safe use of legumes or other crops for green 
manures.
Instead of a catch crop like cowpeas, red clover or sweet 
clover may be grown and plowed under in the fall of that year 
in which either of these crops occupies the land as a regular crop 
in the rotation. I f  seed is produced, it is usually profitable to 
harvest the seed and to return all the remainder of the clover 
crop to the soil as a fertilizer. It should be noted that this 
method is recommended only for those farms on which manure 
is not produced in sufficient quantities to supply the required 
amount of organic matter and nitrogen.
As soil builders in humus and nitrogen, and as a, valuable 
means of improving and maintaining the fertility of soils, there 
can be no question of the importance of legumes, but no other 
practice demands such care in its use a,nd is so likely to prove a 
detriment rather than an advantage if used in the wrong way.
THE USE OF PHOSPHORUS.
It has been noted that the soils in the Wisconsin drift soil 
area are not overly well stocked with phosphorus and hence it 
might seem that applications of that material would probably 
prove of value on the Carrington loam, the soil type used in this 
work. The results obtained in these tests show, however, that 
phosphorus is of little value. It brought about very slight in­
creases in yields in some instances, but they were too small to be 
of profit and in many cases the crop vield was not affected by 
the presence of the added phosphorus.
Phosphorus, because of the compar. ¡lively small amount of it 
in the soil, must be considered in systems of permanent fertility. 
At the present time it does not appear to be a limiting factor in 
crop producion in the case of the Carrington loam. Sooner or 
later applications of phosphorus will, however, prove necessary, 
but just when this time will arrive cannot be predicted. The
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Safest plan to follow is to test any soil which gives indications 
that it is hot producing the best crops. Details for the carrying 
out of such a test are given in Circular No. 15 of the Iowa Agri­
cultural Experiment station and the soils section is ready and 
willing to advise or co-operate as far as possible in such tests.
Other soil types in the state may respond profitably at the 
present time to applications of phosphorus fertilizers, and even 
the Carrington loam, under conditions that are different, due to 
different previous treatment, may show a profit from the use of 
phosphorus. I f the soil is in the best mechanical condition, the 
season satisfactory and bacterial activities normal, there may be 
a sufficient production, of available phosphorus from that already 
present in the soil, but if any condition prevents the proper ac­
tion of bacteria, the crop will suffer for a lack of phosphorus and 
an application of this element would pay.
In grain farming, where manure is not produced, it is clear 
that the use of phosphorus will be necessary much sooner than 
under live stock farming, where the return of some phosphorus 
is made by the use of manure produced on the farm. Even in 
this system of farming, however, if the soil is to be kept perma­
nently fertile, phosphorus must be applied at some future date.
THE USE OF POTASSIUM.
The analysis of the soil showed an abundance of potassium 
present and the application of this fertilizer to corn, oats and 
clover did not pay. However, in the case of the clover crop the 
potassium had a beneficial effect and the yield was increased to a 
considerable extent. While these results are not conclusive, they 
suggest a possibility that a small amount of a soluble potassium 
fertilizer might prove of value for the clover crop even when the 
soil contains an abundance of this element.
Like phosphorus, potassium occurs in the soil mainly in in­
soluble, unavailable form and • if the conditions are not thor- 
oly staisfactory for bacterial activities, the production of 
available potassium may be limited to a considerable extent. It 
is quite possible, therefore, that a crop may Actually be in need 
of potassium, altho literally surrounded by potassium in a 
form which it cannot use.
The use of potassium fertilizers cannot be recommended on 
Iowa soils as a general practice, because of the large amount of 
this element which has been shown to be present in the soils of 
the state.
Usually, if Iowa soils are maintained in the best physical 
condition with an abundance of humus, proper miosture and air 
conditions and good tilth, the bacteria will do their part satis­
factorily and produce sufficient available potassium to meet the 
requirements of large crops. In special cases, however, the use
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of a small amount of a potassium fertilizer as an aid to the initial 
growth of a crop may be of considerable value. Tests only can 
reveal the needs of a crop on a particular soil. Again, it is urged 
that any who are interested in determining the needs of their 
soils consult Circular No. 15 of this station and arrange a series 
of tests on their own farms.
DRAINAGE, CULTIVATION, LIMING.
Although the effects of drainage, cultivation and liming 
were not studied in this particular series of experiments, their 
importance in handling this type of soil should be clearly empha­
sized.
Much of the land in the Wisconsin drift area has been re­
claimed and made very productive through drainage. Thousands 
of acres of land in this area which produced practically no crops 
at all 10 or 20 years ago are now growing large and profitable 
crops. It is unnecessary here to enter upon a detailed discus­
sion of drainage and its importance, for the fact that crops will 
not grow in a soil that is too wet is too well known to need 
emphasis.
It may be well, however, to call attention to the fact that 
occasionally satisfactory returns are not secured from a soil be­
cause it is not thoroughly drained. In other words, if the drain­
age system which has been installed is not adequate or for any 
reason is not working properly, the crop will suffer. The extent 
of the injury will, of course, be dependent to a large degree on 
the season.
One of the first requisites, then, for obtaining satisfactory 
crop yields on soils in the Wisconsin drift area is the adequate 
and thoro drainage of the soil.
The value of cultivating soil is too well known to need more 
than a mere mention in passing. It is a means by which the 
farmer is able to govern somewhat soil moisture conditions, con­
serving the supply from the early part of the season thru the 
late summer, when the weather is apt to be very dry and hot. 
The influence of cultivation in accelerating bacterial action and 
increasing the production of available plant food is also well 
known.
The liming of Iowa soils was discussed at considerable 
length in a recent bulletin of the Iowa station*. Analyses showed 
that while the soils in the Wisconsin drift soil area are not gen­
erally in need of lime, some samples are acid and therefore 
should receive applications of limestone. The fact that the ab­
sence of lime in the soil or the presence of so-called “ acidity”  is 
injurious and limits or prevents the growth of many crops, has 
been emphasized in the bulletin mentioned.
*Bull. Iowa Agr. Expt. Sta. 151.
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It is very easy to determine whether a particular soil needs 
lime, for the litmns paper test is simply and very easily made. 
I f  any doubt as to the soil condition exists, a small sample sent 
to the soils section will be tested and its need of lime determined.
Limestone suitable for application to the soil to correct acid 
conditions may be secured with very little difficulty in Iowa, and 
hence no one should hesitate to safeguard a satisfactory crop 
yield by determining whether his particular soil is in need of 
lime . While soils in this area, which have been shown to be acid, 
require varying amounts of lime, it may be said that in general 
acid soils in this area should receive about 3y2 tons of limestone 
per acre, in order to neutralize the acidity present and bring 
them to the best reaction for crop growth.
Liming, then, may be an important practice on soils in the 
Wisconsin drift area and at least its importance should be deter­
mined by careful tests, if satisfactory crop yields are to be se­
cured.
For the maintenance of permanent fertility in the soils in 
this area, liming must eventually be practiced regardless of the 
present condition of the soil, for lime is gradually lost from soils 
through leaching and utilization by crops and there is no means 
of return except through the application of lime. The greater 
the amount of lime in the soil, the longer time will elapse before 
the application of any of the substance will be necessary, but 
eventually it must be used in all cases. Liming is truly one of 
the most important factors governing soil fertility and perma­
nent agriculture.
SUMMARY
The results of these experiments on the Carrington loam, 
the most extensive soil type in the Wisconsin drift soil area, 
show that if the soil, is to be kept permanently fertile, proper 
methods of management must be adopted.
1. It is absolutely essential that a definite rotation of crops be fol­
lowed, and this rotation should contain a legume which is turned 
under as a green manure or is fed to live stock and the manure 
applied to the land.
Comparison of the yields of corn grown continuously on the 
same soil for eight years with those secured in the four-year rota­
tion show much greater yields in the latter case, a difference of 18 
bushels per acre being found.
2. The supply of organic matter and nitrogen must be kept up in this 
soil and the cheapest and best method of accomplishing this is by 
the use of farm manure.
Applications of manure have been shown to bring about con­
siderable increases in crop production and greater net returns have 
been secured by its use than with any other fertilizing constituents 
and in most cases greater yields were obtained.
Emphasis is placed on the care which should be exerted in 
storing manure to prevent losses of valuable fertilizing constit­
uents. . .
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3. In systems of grain farming, where manure is not produced, the 
organic matter and nitrogen content of the. soil must be maintained 
by the use of leguminous crops, as green manures. When green 
manuring is practiced, however, care should be taken that no in­
jury to the main crop occurs. These experiments with cowpeas 
turned under as a catch crop in the corn frequently showed a de­
pression in the yields of corn, due probably to the removal of avail­
able plant food and water from the soil. Soil and climatic condi­
tions and the particular seasonal ’conditions must determine the 
safe use of legumes.
Other legumes, like red clover, may be grown as a regular crop 
in the rotation and only the seed removed, the remainder of the 
crop being turned under in the fall, thus serving to keep up the 
humus and nitrogen content of the soil.
4. Phosphorus and potassium fertilizers must be considered in sys­
tems of permanent fertility, but at the present time they do not 
appear to be limiting factors in crop production on the Carrington 
loam.
Applications of these materials did not prove profitable on any 
of the crops grown in the regular rotation, altho in some cases 
small increases in yields were secured. There is an indication 
that a small amount of a soluble potassium fertilizer might prove 
of value for clover.
5. Attention is called to the fact that one of the first requisites for 
obtaining satisfactory crop yields in the Wisconsin drift soil area 
is the adequate and thoro drainage of the soil.
6. Cultivation is emphasized as an important practice for the best 
management of the Carrington loam as of all Iowa soils.
7. Liming may be important on soils in the Wisconsin drift soil area 
and the soil should always be. tested, and, if acid, lime should be 
applied or satisfactory crop yields cannot be secured.
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